The effect of film cooling slot exit area and shape is studied. Detailed heat transfer coefficient and film effectiveness measurements are obtained simultaneously using a single transient IR thermography technique. Two designs with a crescent shaped exit and a slot exit are considered. The results show that the crescent shaped exit provides significantly higher film cooling effectiveness than the cylindrical hole exit at all blowing ratios. The converging slot exit provides similar effectiveness as the crescent for higher blowing ratios. However, the crescent shape also enhances heat transfer coefficients significantly.
In the present study, a transient infrared thermography technique is used for obtaining both heat transfer coefficient and film effectiveness from a single test. The transient IR technique is based on the two-equation, single test proposed by Vedula and Metzger [1] and was demonstrated successfully by Ekkad et al. [2] . In this test, two images with surface temperature distributions are captured at two different times during the transient test. The test is typical of a transient liquid crystal technique experiment wherein the test surface at ambient is suddenly exposed to a hot mainstream and cold coolant jet. The surface temperature response is captured by the IR camera at different time instants during the transient test. Simultaneous η and h distributions are investigated and presented, on the flat surface downstream of injection, for various blowing ratios for cylindrical holes and for the crescent and converging slot exits.
RESULTS

Case 1
Case 2 Case 3 Figure 1 Detailed film effectiveness distributions for all cases at Blowing ratio M=1.0
We denote Case 1 as the baseline case where the holes have the cylindrical exits. Case 2 is the crescent exit and Case 3 is the converging slot exit. Figure 1 presents the effect of hole geometry on detailed film effectiveness at blowing ratio of 1. It is clear that the coolant is even at the crescent exit plane with effectiveness higher than 0.8. Downstream of injection, the film appears to spread laterally and stay closer to the surface due to reduced coolant exit velocity with increased exit area. This causes a more even, laterally spreading film that produces significantly higher effectiveness than for Case 1. For Case 3, film effectiveness is significant and comparable to the crescent exit. Figure 2 Effect of blowing ratio on overall area-averaged (a) film effectiveness, and (b) heat transfer coefficient ratios Figure 2 presents the effect of blowing ratio on the averaged film effectiveness and heat transfer coefficient for all cases. Case 2 and 3 show much higher overall effectiveness than Case 1. Downstream of injection, the film appears to spread laterally and stay closer to the surface due to reduced coolant exit velocity with increased exit area. This causes a more even, laterally spreading film that produces significantly higher effectiveness than for Case 1. With larger coolant exit area, there is more regional mixing resulting in higher turbulence generation downstream of injection for both Case 2 and 3. The level of heat transfer coefficient for Case 2 and 3 are larger than for the cylindrical hole. This is primarily intuitive to point out that the film coverage enhances mixing resulting in higher heat transfer coefficient. Figure 3 Effect of blowing ratio on overall heat flux ratio Figure 3 presents the effect of blowing ratio on overall area-averaged heat flux ratio for all three cases. This ratio indicates the reduction in heat flux obtained by introduction of film cooling over the surface. Clearly, Case 2 and 3 provide significantly reduced heat flux to the surface at all tested blowing ratios. Case 1 shows almost no overall effect of jet in the near hole region. The interesting effect is the better cooling is achieved at higher blowing ratios with the two new configurations.
